In neurological diseases such as multiple sclerosis (MS), a neuropsychological assessment is often requested to assist clinicians in evaluating the role of cognition in a patient's level of everyday functioning. To be effective in this charge, it is assumed that performance on neuropsychological tests is related to how a person may function in everyday life, and the question is often asked: "Are neuropsychological tests ecologically valid?" In this review, we synthesize the literature that examines the use of neuropsychological tests to assess functioning across a variety of everyday functioning domains in MS (i.e. driving, employment, instrumental activities of daily living (IADLs)). However, we critically examine the usefulness of asking this broad question regarding ecological validity, given the psychometric and conceptual pitfalls it may yield. While many neuropsychological tests may be generally considered "ecologically valid" in MS, it is much more helpful to specify for whom, under what circumstances, and to what degree.
Cognitive impairment occurs in 43%-70% of patients with multiple sclerosis (MS) 1,2 which may negatively affect personal, occupational, and social functioning. [3] [4] [5] The link between cognitive skills and performance of everyday life activities is well established, 6, 7 affecting everyday activities such as employment, online shopping, 8 daily activities such as cooking, 5 and money management. 9, 10 Some would argue that these clear associations establish ecological validity (EV) of such neuropsychological (NP) tests. 11 Others suggest that specific requirements are needed to be met for an NP test to be considered ecologically valid. 12 Thus, the question is to what degree does performance on NP tests predict functional outcomes.
The role of NP testing has evolved over time. 13 Classically, it was used to localize brain lesions and to describe impairment in cognitive constructs. Since the advent and optimization of neuroimaging techniques, neuropsychologists are more frequently called upon to assess the impact of neural and cognitive deficits on the patient's daily life. Thus, the clinical impressions of the neuropsychologists are very much influenced by the EV of the tests they use. The importance of the functional implications of NP test results has emerged for two main reasons: neuropsychologists (1) are being asked to draw conclusions from assessments regarding patients' abilities to function in their everyday lives such as living independently or returning to a previous occupation 12 and (2) want to draw conclusions as to whether benefits obtained from treatment outcomes can be generalized to everyday life. 14 
Validity in NP testing
In discussing EV, it is important to understand the layers of content validity that are necessary building blocks for a psychometrically sound assessment. NP tests should have good construct validity, which is how well a test measures what it is claimed to measure. For example, a test of depression should only measure that particular construct and not other closely related concepts such as anxiety. A test with good construct validity will also show good convergent validity (is correlated with other tests that measure the same construct) and good discriminant validity (shows no or little relationship to tests which do not measure the same construct). Before asking whether a test is ecologically valid, we must first ensure that the test itself has good construct validity.
Given that EV has been debated and discussed over several years, it is surprising that this concept has various definitions and interpretations that have been loosely applied in research and in clinic. In general, EV refers to the relation between real-world phenomena and the investigation of these phenomena in experimental contexts. 15 A more descriptive definition is provided by Sbordone 16 in that NP tests should have a "functional and predictive relationship … with the client's behavior in a variety of real world settings …" Despite the lack of a clear definition of EV, one does need to differentiate EV from other aspects of validity. First, EV should be differentiated from face validity. Face validity refers to the transparency or relevance of a test as it appears to participants. 17 In other words, a test can be said to have face validity if it "looks like" it measures what it is supposed to measure. A test may look like the construct being measured (e.g. a driving simulator) and thus have face validity, but may have poor EV if it bears little to no relationship with everyday life functioning (e.g. driving parameters such as motor vehicle accidents). Predictive validity refers to how well a test predicts a criterion that will occur in the future. Predictive validity lies at the heart of testing in general and forms a key basis for the clinical utility of the tests we use. It may be surprising how some tests and interventions in medical practice have poor predictive validity yet are commonplace clinically; see Table 1 for examples. 18 An NP test should have good predictive validity, or else its ability to assess everyday functioning would be in question. However, a test may have good construct validity (e.g. it measures intelligence) but poor predictive validity (e.g. an intelligence test may not predict well who will graduate from college due to the multitude of factors, such as social support and personality factors, that may influence this outcome). This is a critical concept for EV of an NP test. It is unreasonable to expect that an NP test will be able to predict all aspects of everyday functioning because it is unlikely that all cognitive domains would be equally related to different domains of functional behavior.
There are a variety of threats to validity, including EV, which must be understood. One is statistical. It is well known that predictive validity is limited when examining a restricted range of the measure one is assessing. For example, the Glasgow Coma Scale (GCS) has been shown repeatedly to have good predictive validity after brain injury, which is in large part because it includes the full range of possibilities (i.e. death to relatively good outcome). 19 However, when examining only a restricted range of the GCS, 13-15 the predictive validity diminishes dramatically. 20, 21 The same is true of NP tests. For example, when assessing the ability of a memory test to predict work performance in healthy individuals, one can expect the relationship to be low. This is because the range of memory ability in the healthy population is by definition restricted (or they would not be healthy). However, if one were to include person with severe memory disorders (e.g. individuals with dementia, etc.) together with healthy individuals, the predictive and ecological validity of the NP test of memory will be extremely high. Thus, the predictive and ecological validity of any test, including NP, would be limited by the severity of the construct being measured in the individual being assessed.
Establishing EV
Based on Spooner and Pachana's 12 review, there are two main ways to establish EV: verisimilitude and veridicality. Verisimilitude refers to tests that are 24 are good examples of this concept because they focus on identifying individuals with limited functional abilities using controlled assessment of functional behavior, rather than discriminating brain-injured from healthy people or determining the etiology of the brain dysfunction. 11 This approach was criticized because it may be argued that these tests are designed to have face validity, rather than EV. 25 Veridicality refers to the degree to which an experience, perception, or interpretation accurately represents reality. 22 To determine veridicality, the relationship between performance on traditional assessment instruments and independent measures of everyday functioning (e.g. employment status, clinician's ratings, behavioral observations) is assessed using statistical methods. An example of this approach is to examine the relationship between Symbol Digit Modalities Test (SDMT), a traditional processing speed test, and the individual's driving safety record per the Department of Motor Vehicles (DMV). This approach assumes the valid assessment of everyday functioning, which itself has psychometric issues (e.g. see Moore et al. 26 for review). Both questionnaires and performance-based measures have been used to assess basic activities of daily living (ADLs), such as bathing, and complex instrumental activities of daily living (IADLs), such as managing finances.
In an excellent review, Chaytor and SchmitterEdgecombe 11 examined which approach (i.e. verisimilitude and veridicality) is better in determining whether a test is related to the functional outcome measure used in studies reviewed. This review supported the verisimilitude approach, as there was a tendency for the results from these tests to be more highly and consistently related to everyday cognitive performance than traditional NP tests.
Critics of the EV of NP tests often look for broad predictions of omnibus everyday life activity (e.g. employment, cooking, driving, scholastic ability, etc.), where clearly no test will be able to survive this level of scrutiny. One reason for this problem is that the sample of behavior obtained via NP test performance is relatively brief, especially when compared to everyday life behaviors. This introduces inherent error into research on EV, as we are relating a single, short sample of behavior (e.g. 90-second administration of the SDMT) to represent performance on complex, extended everyday processes (e.g. remaining employed). In addition, it is unlikely that any one test would have EV for a whole array of ADLs, given the differing cognitive demands required of each functional task (e.g. the degree to which intact processing speed is critical for driving compared to making a sandwich). Our everyday lives are too complex to be summed in a single correlation.
It appears that the issue here is the question rather than the answer. The question should not be "Are neuropsychological tests ecologically valid?" The more appropriate question should be "Which NP tests show evidence of EV, under what conditions, and for whom?" Thus, for instance, a test of memory may have good construct validity, but mixed EV in that it may predict some aspects of everyday life (e.g. ability to work) but not others (e.g. ability to drive safely), and only at specific disease stages. It is only through this specific level of questioning can worthwhile information be obtained, concerning how cognitive assessment informs everyday functioning in MS.
NP and everyday functioning in MS
This section provides a brief overview of the literature examining the relationship between cognition and several major domains of everyday functioning, particularly higher-order IADLs. The reader is referred to Arnett and Smith's 27 chapter for a more comprehensive review of the everyday functioning literature in MS. A summary depiction of overall results by NP and functional domains may be found in Table 2 .
Automobile driving
While physical limitations can clearly influence driving performance, driving also requires cognitive capacities. Several studies have linked performance on NP tests to poorer driving outcomes, as measured by DMV-reported motor vehicle crashes and on-road driving evaluations, with specific emphasis on impairments in processing speed, visuospatial function, and inhibition. 28, 29 Increasingly, driving simulators are being used to approximate real-world driving behavior, often as a safer alternative to on-road evaluation. NP testing has also been correlated with performance on these types of driving assessments. For example, Schultheis et al. 30 showed that, in MS patients with little physical disability (i.e. Expanded Disability Status Scale (EDSS) score of <3), cognitive impairment was significantly associated with worse driving outcome using a virtual reality driving environment. Shawaryn et al. 31 32 who found significant relationships between NP testing (specifically on tests of processing speed, executive functions, and learning and memory) and driving simulator performance, above and beyond physical limitations (i.e. spasticity).
Despite these consistent correlations between cognitive testing and indicators of driving ability, the issues inherent in determining EV abound in the driving literature. For example, the absence of a motor vehicle crash on one's driving record as an outcome measure for "intact driving ability" is arguably a low bar for road safety. In addition, on-road evaluations could be biased due to examiner subjectivity, and driving simulators may fall victim to the face validity versus EV fallacy. As with other domains of everyday functioning, it is important to examine this literature with scrutiny.
Employment
As MS is most often diagnosed when persons are entrenched in their careers, research has demonstrated the importance of remaining employed, as it positively affects quality of life 33 and mental health, 34 beyond its obvious economic implications. As such, factors that affect an individual's decision to leave the workforce prematurely are receiving greater attention in the literature. NP testing has shown positive relations with the ability to maintain employment. Strober et al. 35 demonstrated that a cognitive test of processing speed (SDMT) was the sole predictor of employment outcome in individuals with MS, even when taking into account other significant disease and neurological factors that differed between the sample's employed and unemployed participants. Morrow et al. 36 examined employment in persons with MS over a 3.5-year period. They found that deterioration in employment status (e.g. loss of employment, demotion, early retirement, etc.) was associated with worsening of NP status, particularly processing speed and memory. These findings showed that NP impairment was associated with clinically meaningful change in employment status. These and other findings are consistent with previous research demonstrating the critical role of cognition in the workplace, even when accounting for primary neurological factors. [37] [38] [39] Complex cognitive tasks, such as multitasking and switching, have also been shown to relate to employment status, 40 as such higher-order abilities may allow a more naturalistic comparison with workplace functioning. However, other study samples have not shown the same impact of cognition on employment. For instance, Smith and Arnett 41 found no differences on a cognitive battery between their two samples, one of which was employed full time and another that had cut back their vocational hours due to MS. Indeed, besides cognition, other common MS symptoms may lead to one's decision to leave the workforce such as fatigue, 42, 43 disease duration, age, disability level, years of education 40 as well as personality factors and coping styles. 44, 45 Thus, while NP tests provide important clinical information, such factors alone are not sufficient to predict the vast and complex factors associated with employment status at the individual level.
IADL dependence
The challenge of assessing intact everyday functioning abilities is highlighted in the research on the role of cognition in general IADL performance (e.g. shopping, cooking, and financial management). Whereas large-scale everyday life activities like driving and employment allow a researcher to code broad indicators of success with relative ease and clarity (e.g. number of DMV citations, employment status), this method is less straightforward for other daily tasks. Most commonly, researchers rely on self-or otherreport (e.g. Functional Behavior Profile) to quickly assess independence in these activities. However, many of these studies show that self-report can be contaminated by various factors such as personal bias as well as emotional distress, and fatigue. 46 In fact, patient self-report is often unrelated to actual everyday functional activity. 47 There is some evidence that performance-based NP tests designed to mimic everyday functioning measures (i.e. verisimilitude approach; e.g. Test of Everyday Attention (TEA), RBMT) have stronger EV relative to traditional NP instruments. 12, 49 More recent attempts have focused on assessing actual everyday life functional activity rather than lab-based samples of everyday life instruments. Actual Reality ™ does this using the Internet to assess actual behavior such as shopping (purchasing pizza or cookies online) or booking travel (i.e. booking airline tickets). 8, 50 In persons with MS, poor performance on Actual Reality tasks was strongly correlated with NP tests of processing speed, learning and memory, and executive functioning. Interestingly, patient self-report of everyday functional abilities was not associated with Actual Reality performance.
NP test performance has also been shown to be associated with other aspects of everyday life functional activity such as cooking 5 and money management. 9 Gerstenecker et al. 10 found not only that performance on a financial capacity assessment was largely related to both verbal memory and working memory, but also that verbal measures (both memory and fluency) were associated with medical decision-making ability in MS. Memory has long been implicated in functional impairment in MS, with early research from Kessler et al. 51 demonstrating that variance in disability could be explained by performance on 10 memory tests. 
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